.-The ribonucleic acids (RNA) of Bacillus subtilis spores were analyzed for their size and base composition. Soluble and ribosomal RNA identical to those found in vegetative cells were present in spores. A base ratio difference was observed between the 16s and 23s ribosomal RNA. The 16s RNA had a higher cytidylate and lower adenylate base composition. The ratio of soluble to ribosomal RNA in spores was 30%, in contrast to 15% in vegetative cells, and may be related to their difference in biosynthetic activity. Although active synthesis of informational RNA occurred prior to endospore formation, no detectable level of informational RNA was found in spores. The informational RNA was shown to have the same base composition as that of B. subtilis deoxyribonucleic acid.
A characteristic property of bacterial spores is their complete lack of biosynthetic activity. Because the role of ribonucleic acids (RNA) in protein synthesis has been established (Berg, 1961) , the nature and properties of spore RNA may give some clue to the dormant condition. Previous investigation revealed that net RNA synthesis stops before the onset of sporulation, and that RNA synthesis and turnover occurs during this period (Young and Fitz-James, 1959) . The period of RNA synthesis prior to sporulation appears to be critical, because actinomycin D has no effect on sporulation after a specific amount of RNA synthesis has occurred (Del Valle and Aronson, 1962) . The conclusion from these results is that a stable informational RNA is involved in sporulation. The observation that Bacillus subtilis spores contain only 50s and 68s ribosomes, and that unusual ribosomes occur during germination, suggests that the RNA constitution of spores is different from that of vegetative cells (Woese, 1961) . Furthermore, a substantial amount of spore RNA turnover is seen during germination, which indicates that a fairly large labile RNA fraction may be present in spores (Woese and Forro, 1960) .
The main objective of this study was to characterize the various RNA fractions in spores and sporulating cells and to look for RNA fractions not ordinarily found in vegetative cells. By use of the methylated albumin column (Mandell and Hershey, 1960) Clean spore preparations were obtained by use of the two-phase "Y" system described by Sacks and Alderton (1961) . To ensure the removal of vegetative cells and debris, the crude spore suspension was treated with lysozyme (300 Ag/ml) and deoxyribonuclease (10 tg/ml) for 3 hr at room temperature prior to purification by three passages through the "Y" system. The Carbowax 4000 and phosphate were removed by extensive washing with water. No sporangia were observed on these cleaned spores.
For growth of P32-labeled spores, the inorganic phosphate was omitted from the SCM medium. For preparation of spore extracts, the cleaned spores were suspended in 0.01 M tris buffer (pH 7.2) containing 0.05 M MgCl2, and were then concentrated by centrifugation. The spore pellet was frozen in a methanol-Dry Ice bath and then placed in a prechilled mortar with 2 volumes of Superbrite glass beads (120,/ in diameter; Minnesota Mining and Manufacturingf Co., St. Paul, Minn.) and ground vigorously in the cold until a paste was obtained. The paste was quickly suspended in 0.01 M tris-0.05 M MgCl2 buffer (pH 7.2), and the RNA extraction was performed initially on the crude bead-containing lysate.
The vegetative-cell extracts were prepared by the lysozyme freeze-thaw method described by Hayashi and Spiegelman (1961) . RNA was purified by the phenol method of Gierer and Schramm (1956) . The methylated albumin-kieselguhr (MAK) column was made according to Mandell and Hershey (1960) . A linear gradient of NaCl was used to elute off the RNA. Base ratio analyses were performed by the method of Hayashi and Spiegelman (1961) . Radioactivity was measured by precipitation of a suitable portion of the RNA-P32 with 10% trichloroacetic acid in the presence of 200 ,gg of carrier herring-sperm DNA. The precipitate was collected by centrifugation, resuspended with 1.0 ml of 2 N NH40H, dried on planchets, and counted with a thin-window gasflow counter (Tracerlab Inc., Waltham, Mass.) .
REsuLTs
The synthesis of RNA during the stationary phase preceding sporulation was examined by radioactive pulse labeling. The stationary phase lasted approximately 8 hr before endospore formation became apparent. At arbitrary times, 3-min pulses were made. The pulse-labeled RNA was purified and fractionated concomitantly with bulk RNA of vegetative cells by passage through a MAK column. Active RNA synthesis was observed at all times, except 1 to 2 hr prior to endospore appearance. The amount of incorporation during the pulse fell at least tenfold in the later stages. The pattern of RNA synthesized during a pulse is illustrated in Fig. 1 . The results are typical of the pulse RNA patterns found in all the stationary-phase periods tested. The classical pattern of 4s, 16s, and 23s RNA is shown by the optical-density profile. The radioactivity curve represents the pulse RNA. Not only soluble RNA (sRNA) and ribosomal RNA (R-RNA) were synthesized, but also an appreciable amount of informational type RNA (D-RNA) was found. This fact was established by pooling fractions 47 to 58 of Fig. 1 , and by determining the base ratio of this pooled fraction by the isotope-dilution method (see Materials and Methods). The base ratio indicated a guanylate-cytidylate (GC) composition of 43%, which is that of B. subtilis deoxyribonucleic acid (Table 1) . Several results from different time periods in the stationary phase are listed in Table 1 . The D-RNA which eluted from the column after the 23s R-RNA comprised approximately 50% of the pulse RNA.
The heterogeneity of the D-RNA was illustrated more clearly when the D-RNA of Fig. 1 was eluted from the column with a shallow NaCl gradient of 0.7 to 1.2 M. Many additional peaks were evident. The active synthesis of D-RNA during the period before endospore formation prompted a thorough investigation of the spore RNA content.
Because Figure 2 illustrates the patterns obtained for spore RNA-P32 and for carrier vegetative-cell RNA, represented by the radioactivity and optical-density curves, respectively. One can immediately see that the specific activity of the vegetative cell in Fig. 3 Table 1 ). (Marmur, Seaman, and Levine, 1963) . The fractions indicated by the arrows in Fig. 1 were pooled and analyzed for base composition by the isotope-dilution method. The Fig. 1 experiment corresponds to the 5-hr time in this table; similar experiments were performed at 1 and 3 hr.
of RNA found in vegetative cells, i.e., 4s, 16s, and 23s RNA. There was no readily detectable pattern of D-RNA trailing the 23s peak (compare Fig. 1 and 2). It appeared that, although there was an active synthesis of D-RNA preceding sporulation, very little or no D-RNA was incorporated into spores (Fig. 2) .
(ii) The base ratios of the spore RNA were identical to those found in vegetative cells (Table 2 ).
The base ratios of fractions marked with arrows in Fig. 2 and 3 were determined for several column runs by the isotope-dilution method. The sRNA base ratio was consistently regular in several determinations, and appeared to be pure 4s RNA uncontaminated by breakdown products. Base ratios of the 23s R-RNA region (Fig. 2) gave results identical to those obtained for vegetative cells (Fig. 3) . When the trailing edge of the 23s R-RNA (Fig. 2) was examined, the base ratio was still that of 23s R-RNA. Thus, base ratio analyses also indicated the absence of D-RNA.
There was a consistent difference between 16s and 23s R-RNA, in that the 16s RNA had a higher cytidylate and a lower adenylate content than did 23s RNA. This was true for both spore and vegetative-cell RNA. The base compositions of spore and cell RNA were, on the whole, similar to those reported previously (Belozersky and Spirin, 1960) .
(iii) The ratio of sRNA to R-RNA was higher in spores than in vegetative cells (Table 3) . This can easily be seen by comparing the radioactivity profiles of Fig. 2 (Marmur et al., 1963) . Base iatios were determinie( by the isotope-dilution method.
that the sRNA and R-RNA of spores and cells are identical. The ratio of sRNA to R-RNA in spores is, however, higher, and may be related to the absence of growth. Kjeldgaard and Kurland (1963) Woese and Forro (1960) (Powell, 1953) , a chelating agent in spores, requires a high level of Mg++ to prevent breakdown of ribosomes and the release of ribonuclease. Whether a specific stable D-RNA is involved in the control of protein synthesis in dormant spores is not answered by these results (see Jacob and Monod, 1961) .
The base ratio analyses of the various RNA fractions conclusively demonstrate that no difference exists between spore and cell RNA. An interesting observation was the consistent difference in the adenylate and cytidylate base composition between 16s and 23s RNA. Recent results of Yankofsky and Spiegelman (1963) revealed that 16s and 23s RNA have distinct cistrons. Thus, it does not seem unreasonable for this difference in base composition to occur. Midgley (1962) and Aronson (1962) also noted differences in the composition of RNA of 50s and 30s ribosomes. Exact comparison with their results cannot be made because Green and Hall (1961) found that, although 30s particles contain only 16s RNA, 50s particles contain both 16s and 23s RNA. One can conclude from these results that the dormant biosynthetic state of spores does not entail any gross changes in RNA pattern or composition.
